Abstract. The past ten years have been a period of rapid urbanization in China, and are meaningful to evaluate urban landscape ecological pattern of this period. The urban landscape can be divided into the architectural space and 6 types of open space with different functions. Based on this kind of classification, this study used an urban area with 101 km 2 to evaluate landscape ecological pattern. This study chose 4 indices, namely, Patch density, Landscape shape index, Contagion index and Shannon's diversity index. Using ArcGIS and Fragstats, this study evaluated the landscape ecological patterns of various scales and multiple time points in the case area. The study found that at the macro level, except for the Patch density, which has the relatively obvious growth trend, the landscape ecological pattern indices of other overall levels are not significantly different in time series. However, at the micro level, the spatial differentiation characteristics of each index between 1 km 2 spatial units are very obvious and they have great changes according to the different time periods. Therefore, the evaluation of the landscape ecological pattern of the rapidly growing urbanization areas should pay more attention to the spatial unit comparison of the micro level, so as to discover the special areas in the urban space where the landscape ecology is unbalanced and unstable.
Introduction
Recently, China has witnessed rapid development of urbanization, and various elements in urban space have undergone drastic changes with rapid urbanization process. In this process ， Chinese researchers have carried out many studies in combination with the practical situation of China (Chen et al., 2014; Wu et al., 2014) . There are a series of problems to urban landscape ecology that need to be solved. Researchers and institutions have paid more attention to the related urban landscape ecological pattern research. It has been pointed out that the landscape ecological pattern of the city is suitable for observation and evaluation through multi-scale and flexible spatial classification (Li et al., 2010 ; Jun-Hyun et al., 2016; Grafius et al., 2018) .
The ecological pattern of urban landscape should be viewed from the macro and micro level. At the macro level, observe the whole change of indicators, and at the micro level, observe the differences of indicators of different spatial units. The city is a spatially heterogeneous, and complex adaptive system. Landscape pattern and its changes are the results of the interaction of natural, social and biological elements (Turner, 2003; Forman, 2016) . The intensified human activities lead to fragmentation of landscapes, which have a series of impacts on ecosystems, and damage to the health and integrity of ecosystems, bringing about changes in ecosystem service functions. At the macro level, the city is human habitation, and is often used as a continuous construction site in ecological research. Its internal ecological features are different to express in large-scale space. Meanwhile, at the micro level, because the inner city is divided into different lots by artificial roads, its ecological features and ecological functions are very different from the macro scale.
The main reasons for the study of urban landscape ecology at the micro level are the accuracy of data and the classification of spatial elements (Wang, 2010) . In the traditional study, many large scale studies regard 30-m square as a basic grid element. These studies juxtapose urban construction land and forest land, fields, water bodies, etc. which are outside the main urban area as large-scale elements, but ignore the complexity and diversity of urban landscape ecology. The essence of ecological function in urban open space system is that the basic space unit is an organic whole which are associated with each other. The urban green space system was once the main research object of urban landscape ecology. But the analysis and optimization of urban green land mostly stay on the classification of lots on drawings. The green space on drawings has a large subjective qualitative component which cannot reflect the ecological effects such as real green coverage in a region at the middle and micro level and cannot quantify the urban landscape ecological pattern.
Landscape ecological classification is the basis and prerequisite for landscape pattern analysis and landscape function evaluation (Xiao et al., 1998 (Wang, 2010) , light gray open space, dark gray open space, yellow green space ("Production land" in the original paper, Shao, 2011) and brown open space. Together with the architectural space, these six types form the basic landscape classification for our study. The meaning of various types of space can be seen in Table 1 . 
Case area and data

Case area
The study area is located in Xinxiang City, China. Xinxiang City is located in 35°18' north latitude and 113°54' east longitude, which is one of the core cities of China's Central Plains urban agglomeration ( Fig. 1) . Xinxiang City covers an area of 422 km 2 and a total area of about 140 km 2 , with the population of 1.4 million. The research object of this time is the main city of Xinxiang City (Fig. 2) . It is surrounded by the loop line which is comprised by four roads. It is 101 km 2 . The main city area of Xinxiang City is flat and the boundary is composed of four outer loop expressways. It is clear and complete. The traffic in the urban area is basically a square road network. It is an ideal plain landscape ecological city model. 
Case data
The study chose time-series high-definition satellite imagery (mostly with 0.85-m resolution, a small amount with 1.85-m resolution), and comprehensively carried out a variety of methods including visual interpretation, and combined with the basic grid unit for refined opening spatial elements extract in categories, so as to achieve full coverage of urban spatial classifications. Finally, in the case area, the classified data resources of 5 time nodes (2008, 2010, 2012, 2014 , and 2016) were obtained. These data can reflect the spatial and temporal evolution of landscape ecology in the last 10 years of Xinxiang City's main urban area in a more detailed and comprehensive way.
Method
Many researchers used remote sensing images and related geospatial data as information sources, and used GIS technology and landscape pattern software to classify and analysis. Wang Shengnan divided open space into green, blue, gray and other types in her doctoral dissertation (Wang, 2010) , through landscape ecological pattern analysis and other methods were used to analyze the evolution mechanism of the main city area of Luoyang in the process of rapid urbanization. In Shao Dawei's doctoral dissertation, he used remote sensing data and landscape pattern indicators to analyze the spatial evolution of Nanjing (Shao, 2011) . At the same time, it is more common to study urban microcosmic spatial analysis with unit grids (Guo, 2016; Gao, 2014) . The unit scale of these studies is basically 1 km 2 . These studies provide an important reference to software selection and index selection of this paper. 
Study software
The software used in the research mainly includes ArcGIS and Fragstats. ArcGIS is a most used geographic information software in the world nowadays. By using ArcGIS, various kinds of geographic data can be connected and matched. Transformation between vector data and grid data can also be finished. Fragstats are mainly used to deal with landscape ecological pattern index. There are many softwares for analyzing or simulating landscape ecological pattern, such as Fragstats, Patch Analyst, APACK, SIMMAP, etc. Fragstats is a software for calculating landscape index which was developed by the Department of Forest Science at Oregon State University in America. Because it is free and easy to use, it can support a series of landscape pattern index at three levels: Patch Metrics, Class Metrics and Landscape Metrics. At present, Fragstats is a computer program for quantitative analysis of landscape structure and spatial pattern, which can calculate including landscape area, density, size and difference, edge, shape, core lot, nearest neighbor structure, diversity structure, aggregation and dispersion structure and hundreds of indices which are combined with statistics. There are many cases of landscape ecology research using these two software (Hua et 
Patch density
Patch density (PD) is an index of the number of patches divided by the total area (Wu, 2007) , and it is generally used to observe landscape fragmentation (see Eq. 1 for calculation). In the equation, N represents the number of patches and A represents the area. The larger the patch density is, the greater the fragmentation is, so it is regarded as a reverse index in this study.
Landscape shape index
The landscape shape index (LSI) is the total length of all plaque boundaries in the landscape (m) divided by the square root of the total area of the landscape (m), multiplied by the square correction constant (Wu, 2007 ; see Eq. 2 for calculation). In the equation, E is the total length of all patch boundaries in the landscape, and A is the total area of the landscape. In urban space, the high value area of LSI value is usually the area where human activities are dense and the degree of fragmentation is higher. 
Contagion index
Contagion index (CONT) is considered to describe the degree of agglomeration or extension trend of different piecemeal types in the landscape (Wu, 2007 ; see Eq. 3 for calculation). In the equation, m is the total number of plaque types, and P ij is the probability that two adjacent grid cells randomly selected belong to type i and j. Like other indicators of ecological pattern, its significance of the Numbers will vary according to the interpretation of different majors and directions. Generally speaking, the high contagion index indicates that a certain dominant block type in the landscape has formed a good connectivity, while the low value indicates that the landscape fragmentation degree is high. 
Shannon diversity index
Shannon diversity index (SHDI) is obtained by multiplying the area ratio of various patches by the negative value of the sum of the natural logarithm of that value (Wu, 2007 ; see Eq. 4 for calculation). In the equation, m represents the number of species and P i represents the proportion of individuals belonging to the first species in the sample. In ecology, Shannon's diversity index is a sensitive index, which is generally used to reflect landscape heterogeneity. When the index is 0, it shows that the patch is a single patch, and the greater the value of the patch is, the more balanced each patch is, and the higher the land use degree is. 
Research steps
First item
This research first carries on the analysis from the macroscopic scale. Taking ArcGIS 10.2 as the basic software platform, the vector data of the case area that has been interpreted and classified are projected and converted into grid data of 1 m × 1 m. Loading raster data into fragstats can quickly get macro-scale indicators.
Second item
For the microscopic scale, this study chose to generate 1 km × 1 km grids in the UTM projection coordinate system (Fig. 3) , and took each grid as the microscopic observation unit of the case area. In Fig. 3 , for ease of study, the researchers digitally represent the abscissa and alphabetically represent the ordinates of the table. Such grid units can be named, for example, A01, A02, etc. At the same time, In ArcGIS, the generated grid is used to cut the transformed grid data, which will allow you to generate hundreds of separate grid files. Then, the batch processing function in fragstats can be used to quickly analyze and get the index value of each unit. 
Third item
The spatial unit can be connected with the index in ArcGIS by format conversion of the obtained spatial unit index values. By classifying the connection results, the microscale landscape ecological pattern of the case area can be visualized in ArcGIS.
Results and analysis
Macro-scale
This study first used software to calculate the indicators for landscape ecological pattern in case area from 2008 to 2012 ( Table 2) . Table 2 shows that the number of patches in (NP) declined gradually, while it rose overall from 2012 to 2016, which shows that a certain degree of fragmentation of urban space is not a linear change but dynamic development. According to the number of different types of patches, the number of blue patches and yellow-green patches decreased linearly, while the number of other types of patches fluctuated. The change of landscape shape index (LSI) is small, showing a fluctuating and rising state, which indicates that the intervention of artificial behavior on the environment has increased to a certain extent. In 2008-2016, due to the solidification of the boundary of the main urban area, the indexes of the overall level, such as contagion index, Shannon's diversity index and aggregation index, all changed little, and the indicators need to be compared with each other in a downsized scale.
Micro scale
According to Figure 4 , there are obvious spatial differences. The scale of the value is obtained by determining the global median and then the arithmetical difference. The minimum value of unit's PD increased from 45 in 2008 to more than 100 in 2016, and the maximum value increased from about 1400 in 2008 to more than 1600, indicating that the rapid urbanization has brought about increased spatial fragmentation. There are continuous units with high patch density in the northwest and central part of the main urban area for a long time. These units belong to the living area of the old city and the small industrial factory area, the buildings are mostly low stories, the building density is generally high, and the open space is broken up seriously. Besides, the patch density of the southeast part of the main urban area is relatively low, the building is generally multi-storey, the high level is high, and the open space is relatively complete. From Figure 5 it can be seen that the difference between the unit and the surrounding area of the people's park is very obvious, and the contrast between the old urban area in the west and the new urban area in the east is also obvious. Green open space, large proportion of yellow and green space landscape shape index are relatively low. Because of the village in the city, the landscape shape index of the east and south of the main urban area is decreasing, while the central and northern land block is in high value for a long time. Figure 6 shows that the high value units of the spreading degree gradually change from the edge of the main urban area to the central zone of the main urban area, which reflects the recent decade of urban construction on the yellow and green space (suburban farmland) erosion. While the contrast between the high value units and the adjacent low value units in the central part of the city is becoming more and more obvious, which reflects that there is still a large imbalance in the urban center area.
According to Figure 7 , the main urban area of Xinxiang city as a whole presents the distribution pattern of low central area and high surrounding area. And there are obvious low value continuous units around the railway line and in the northeast of the main urban area. The number of very low value units and very high value units has declined in the last decade, which reflects that the urban construction of the main urban area has entered a more stable period. 
Conclusions
The dynamic trajectory of cities can never be fully predicted or controlled, but can and should be influenced or guided in more desirable directions through planning and design activities that are based on urban ecological knowledge and sustainability principles (Ramalho and This study analyzed Patch density, Landscape shape index, Contagion index and Shannon's diversity index from the macro level and the micro level. Comparative analysis at the micro level can discover some problem areas that are not found at the macro level. At the micro level, the spatial differentiation characteristics of each index between spatial units are very obvious and they have great changes according to different time period. Therefore, the evaluation of the landscape ecological pattern in the rapidly growing urbanization areas should pay more attention to the spatial unit comparison at the micro level, so as to discover the special areas in the urban space where the landscape ecology is unbalanced and unstable. Urban construction and planning should be able to timely monitor and pay attention to the spatial units with low landscape ecological patterns. These can serve the current "Urban Repair" and "Ecological Restoration" services and improve the overall ecological quality of cities and regions.
